ME 323 — Mechanics of Materials

Lectures 37-39: Stress due
to combined loading

Joshua Pribe
Fall 2019
Lecture Book: Ch. 14




Objectives for combined loading problems

* Determine the normal and shear stresses at points on a cross section due to
combined axial, torsion, and bending loading

* Determine the principal stresses and maximum shear stress at these points

* Use Mohr’s circle — we will always be in a state plane stress, but not necessarily in the
X-y plane



Review: Internal resultants in 3 dimensions

Type of Stress Lecture
fj_‘{y_ __________ Load stress distribution book ch.
I /\ Axial force F, | Normal | o, =F /A | Ch.6
y / \\ V Q
x Z;f X E Shear force V| Shear 7, =ﬁ Ch. 10
V. \ I’ \V
M, : \\ / Shear force V,| Shear (I IZ? Ch. 10
__________ N %
2 Torqgue (torsional moment) T, | Shear r=Tpll, Ch. 8
Bending moment M, | Normal | o, =M z/1 | Ch.10
Bending moment M, | Normal =-M,y/1,| Ch.10

Note: subscripts (xz or xy) for shear stress due to torque depend on the point of interest on the cross section
See Superposition of six sets of stress components on the “Animations and Demos” page of the course blog ’




Example 14.6 INA

A ski lift is supported by a steel pipe with outer and inner diameters p

d, =60 mm and d; = 52 mm, respectively.
a.) Determine the stresses at point C on the front section of
the pipe
b.) Determine the principal stresses and maximum in-plane
shear stress at point C
Use h=400 mm, b=600 mm, 8 =45°and P=W =2kN
™
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Example 14.4

A vertical force of P=401b is applied to the end of a

pipe wrench, whose handle is parallel to the z axis.
The pipe has an outer diameter d =1 in. and wall
thickness t = 0.1 in. e
Determine the principal stresses at pointsAandBon °
the cross section of the pipe
Useb=12in.and L=9in.
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A=223r LTza=L, =302 h
Example 14.12 T hoo |
Wind blowing on a sign produces a resultant force P in the —y direction Wp W

at the point shown. The support pole weighs W, and the sign weighs W.. A /’
The pole is a pipe with outer and inner diameters d_, and d,, respectively. ¥ !
Determine the principal stresses at points a and b on the outer surface
of the pole at location B along the pole’s length

h=H0  4,=3.5% Wp =1 £5 S~ >
) =000, 4.= 20K WS / ,

P=1S %
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pipe cross section at B
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Stress distribution

pipe cross section at B

B Qsh) y
Stress at point a

T\ :+(‘P\»\@o /13 /I 5

v =W

Stress at pointb v o, -1
T, = — (W)(®h) [1.|% = 4




stress element at “a”

/]\x q4p,

stress element at “b”
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Procedure for combined loading problems

* Find the internal resultants at a cross section

—

—

* Calculate the stress at the point of interest due to each internal resultant

g, -C:rgf; e s-'y-,
e Combine the individual stresses, and draw the stress element
* For example, o, =(0,)¢ +(0X),\,Iy +(0)u,

* Use Mohr’s circle to determine the principal stresses, max shear stress, etc.
* Make sure you identify the plane corresponding to the state of plane stress
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